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(54) FIELD-EFFECT 
TRANSISTOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To 
improve strain characteristics and to 
reduce leaking of current to an 
adjoining circuit by making electron 
affinity of the material constituting a 
semiconductor layer and a difference 
in electron affinity in the 
neighborhood of interface between 
semiconductor layer to be specific. 

SOLUTION: Relating to a field- 
effect transistor, when a lower part 
hetero barrier wall height between a 
lower part carrier supply layer 13a 
and a channel layer 105 is higher than 
an upper part hetero barrier wall 
height between the upper part carrier 
supply layer 13b and the channel 
layer 105, linearity in DC 
characteristics of the field-effect 
transistor improves. In short, the 
field-effect transistor of good grain 
characteristics is obtained. For that 
purpose, as a material of the lower 
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part carrier supply layer 13b, that of 
smaller electron affinity than that of 
the upper part carrier supply layer 
13b is used. Hetero barrier wall 
height wall is decided by a difference 
between the channel layer 105 and 
the upper part carrier suppress layer 
13b, or, between the channel layer 
105 and the lower part carrier supply 
layer 13a. 
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1-x G a X PTgP^^ y TW^&® 5 3a <DG a OJfflJ^g x 
^n- I nl-y Gay P ±gi5^ -Y U T#t?^^ 5 3 bOG 
a (DM^y J: «9^^t/^t»Ot UT. Tlfi5^^ y r#tj^S 

5 3a (Dm.'f-m.fQfj^^^^^ y t^*&® 53b i^m^ 
mmt)X^i,4-^<i.ti<DX\ ±mmmmi tmm\c. 

Av^m#5^m h y ^ :i t i>-X^ ^ 

[0 0 4 81 ?i*3. m:mm2<Dm^^^vy>^;^:^^\^s 

[0 0 4 91 ^isw 3,4. *^sS(o?Fjjg 1 (D'^m^m 3 , 
4ic^b^{t5mi^^()*h7>'v>:=^i5^(i. ±.wmmmi l ^ 

Tgi5:^-t y rtt?:&s (T^fI5;^-<-i^^) om^^Mfp;^?:^ 

< UfctCQT^^^o *:|IJS^J3(i_b|S^JS 
0*j2<!:f^^(D2^y-tr;^1f3t4:W-r^4>OT% *tS0iJ4 



mfMW 1 0- 5 6 1 6 8 (8/19) 

(0 0 5 01 mi {'t^Mm.mm. 1 (on^^m 3 . 4 t;iio 

m^mxh "9 . Il(^^sl^T. 7 0 (i^js^tt i n pss. 
7 2 (i^ffe^tt I n p mwL 7 0 uz^rnrn. ^ tifzmm 2 5 

0 0 h D — u n d o p e d — A 1 X I n 1- 

X A s^^:x:7 7'g, 7 3 afi/<';/>'7g7 2±{C?i^^$ 
nfcfiMl?5 0;^3-^-^^ hn-A, ^JJfii^i: LX S i , 
5V^^iS e^^^i^i^S*3X 1 0»«cm-^T'^tf n- 
Alx I nl-x A sTlFiS^-y y T#t?SS. 7 4 a liTlflS 

^-Yy r#t|&@7 3 a ±i::ff$^^nfc^/¥3 0;<}->'^;=^ 

h n— i^Ou ndoped— Alx In 1-x As TS15>^^ 
1 0 5flTa5:^-<-1^^7 4 a Jil^?FM^:ix 
fcBIi?2 O 0;^>^:^ b n — AOC) undoped-In 
z G a 1-z As ^-Y^^/l^S. 7 4b li^^-V-^^/l^^ 105 
±t'ff^fi£$nfcfigJ?3 0;^>>:^;^ hx2>-M.(Ou n d o p 
e d - A 1 y I n 1-y A s ±^;'^^— f"^. 7 3b f±± 

Sn — A, ^m^tl^XSi, fc6lSiS e 
SS3 X 1 O'^cm-3-e^tf n-A 1 y I n 1-yA s 

^-ryr#^?^®. 7 6i±±U^-rVrm^m7 3b±\c 

0 0:^^^:^ h n— i^(;Ou n d o p e 
d - (A 1 1-t, Gat)s Inl-sAs (0<s<l, 0 
^t<l) iy^^yV^-m-^'BjSLm. 7 7\%iyByV^ 
-S^?K^^±ic?i^^$nfcl!Ii?l 0 0 0:^1^^:^ Vx2 

-A, ^mmt\^xs i , ^5vMis e^^^^^^isa. 

5 X I 0*®c ra^X^tsn - I nO. 53, G a 0. 47A s TSU 

^>^^hm. 7 s\'XTn^>^ ^ vm7 7 ±.{zw^j^^^ 

tL^cflMi? 1 0:^^^::^ h a— ACOn - I nO. 48, Ga 
0.52P^5/^>i/>^^ h :y''^'g. 7 9 \±=^^y^>^:^ V y 
y<m7 8 ±\^mf^^ntzmm2 O O 0:t>^:^ hx2 — A, 
^m^tL^XSi. ^^V^^±S e^^^M^^S2 X 1 
0*«c m'^-C^tf - I nO. 53 G a 0. 47 A s ±M^l^^ 

i\2\^^-vmM^'tn'^nmi.x^^. giciiov^T 

[0 0 5 1 1 /^:}b\ ^WM<?5m^W:^^-t-x. y, z (0 
<x, y, z, s, t<l) (Om^. t&^^^^a;^^fc 
* t)::'^^ < b?^^V^T^ ;ii^on-A 1 X I n l-x A s T 
g(5=3r-Y y T«?g® 7 3 a OA 1 COMfiK ( X) <0:f5t^^ n 
-Aly I nl-y As±gi5^-Yyrtt*&S7 3 b<^Al 
(Om^ (Y) ct'9t>i^< (x>y) /.^^ctp O. 3<y 
<x<0. 7, O. 4<z<0. 9, 0. 3<s<0. 

7, o^t<o. 3t-t^(of>*^^^m^\^<.:^'mmm 



y = 0. 48, z = 0. 7, s=0. 48, t = 0. 2 
10 0 5 2] WT. *IIJS0iJ3. 4(D«^^*hy 

7 0 ±{^^ undoped— Alx I nl-x As >'<.y:7 
T@7 2. n-Alx I nl-x As T^^^ 'Jrmft^m 
7 3 a ^ undoped— Alx Inl-xAs TSlJ^^ 
^-^M 7 4 a ^ undoped— InzGal-zAs^ 
•Y^^^^M 105^ undoped— Aly Inl-yAs 
_h^>^^— 7 4 b , n-Aly I n 1 - y A s ±SP 
y Tttt?^^ 73b. undoped - (Al 1-t, 
G a t)s I n 1-sA s (0<s<l, 0^t<l) 3 y 
h ^—t^^W^0.m 7 6 . n - I nO. 53, G a 0. 47A s 
^:y^^VM7 7^ n-InO.48, Ga0.52P^-/^V 
^:^V^y^<m7B, n^ - I nO.53 G aO. 47A s±gl5=i 
>^^h^79. ^mm\^tL'ik. ^J£^J 3 T'fi^JS^J 2 

^iyir>^. Rt>*^2 yir;^^?P$^LT2Syir>^1t3g 
f^)m^^5(jmh^>'C^:=^^^i^5t-r5o ^SS0^il4r*(i. ± 
IS^^^ia^L/t^^. ^Jfe^jiom 2 c^:^&i: Ignite, 
^iyir>^. »2 y ir;=^^?|^^U. SiZ^^- MII^^Jl^ 

AX*\±^ ±fe^g^lB^Ufc^(DX^t;i*5V^T. n-I 
n0,48, G aO. 52P^5/^V^;^ h ^y^'^jl 7 8^-Cn" 
- I nO. 53G aO. 47A slM^^"^ ^ VM7 9^^^^ 
>^'t^U<D:r.>y^^ly RV^, undoped - (A 
1 1-t, Gat)s Inl-sAs (0<s<l, 0^t<l) 
V- 3 5/ h S^ffMS 7 6 * -e n - I n 0. 53, G a 
0.47 A s Ta5=^>^^ 7 7 :y ^>^^i-5^(^^ 

mm4) <D, fo5v^^i2^y ir;^«it (MM&lS) com 
[0 0 5 31 riOctptc, S*£^'J3. 4l;iJ:ntf. n- 

A 1 x I n 1-x A s Tg|S=3r-t V TW^M 7 3a <DA 1 <0 
m^£x4:n-Aly I nl-y As JilfP^^^yrW^® 7 
3 bc^A 1 (Dm^y ct (9:*c#VNtO^ bT. TSP^^f -V y 

rmfr^m 7 3a <Dm^^fp;^^£:±iFP^-r y rw*&^ 7 3 



0- 5 6 1 6 8 (9/19) 
^ ct 9 t iSl^m#a* h ^ > v^;=^ ^ r t :^-X^ . 

[0 0 5 4] /jr^o, m^msxa^ ^(Dm^^^h^^^ 
i:^:^^^2mv'^^mmti.tc(DX\ mwm^h=7>i^ 

rir^i^T'^'So ±fS^J£^iJ 1 -4 lc*3i.^T. y ir 

[0 0 5 5] mm<Dmm2. i^mmmm 2 c: 6m# 

h^:xi^;=^^t^. ^-Y^wL-S^. fg^^^^/L-^^^ 

A:.m^^^')rwimm\^^t^r>x. ^#^{-/h$<?te5<t 

[0 0 5 6] ^;^0tJ5. Ig 9 {i;*:^Mi05?]5^2i::J:5^ 

mm 5 (T^m*^;^ h ^ ^ v^^^^ coi«]g^:^-r»!5m^i^ 

119(a) tC^BV^T. 1 0 Olt^^^Jtt^G a A s 
mWL. 1 0 1 (IH^^^tiG a A s S<g 1 0 0 ±t^?i^^^ 
ttfc^lf^S 0 0 0:^:^if:^ V n — i^Ou n d o p e d — 
AlO. 2 GaO. 8 As/undoped-GaAs 

J&^fhfz.W:W-2 0 0 0:t>^:^ h j^cOu n d o p e 
d - A 1 0. 2 G a 0. 8 As ^"^^yrM. 10 3a \^y<y 

yrm 1 0 2±t^?K^^ttfcflIJ?5 o^>:/;>!^ hn-A, 

:^^i^i:UTSi, ^^-SVMiS e^^:^5i1ii^Jia3 X 1 
O^^c m-^T'^tf n-A 1 0. 2 G a 0. 8 AsTSP^^-^yT 

mm. 1 0 4 a (iifas^^r^ y rm'im i o 3 a 

^^tb/cHiJ?3 0:tVi/>^ h D — ACOu n d o p e d - 
AlO. 2 GaO. 8 As TU^^—'fM. 2 0 5 (iTf^^ 
10 4a ±,\Z.W^J&^flf:Lmm2 00:^>^:^ h 
D— ACOundoped— I nz Gal-z As if U—'f 
^ K^^^^/U-®. 10 4 bf^i^^^^/U^ 2 0 5±|C?g^ 
^ix/c^l?3 O;^-:^^;^ hu — AcOu ndoped-A 
1 y G a 1-y As ±|FI5;^^— 10 3b (i±aS>^^-< 

10 4 b Jbdjj^fig^nfcfl^l^i 0 o^v^;^ ha 



(9) 



3X1 O'^c m-^T^'&tPn - A 1 y G a 1-y A s ±?Fi5^^ 

$ jXfcMi¥2 0 0 :t>'^^ h D— A(Du n d o p e d - 
A 1 0.2 G aO.8 A s :y 107 

y h^-m^nmm i o6±\cm^^ntzmmi 

S em^^nm^AS X 1 0*^c m-^T'^tf n-G a A 
sT^:=^>^ 1^ hm. 1 0 8{iTSl5=3 V^?'^^ 1 0 7 

0.2 G aO.8 A s 31-/^^^;^ h 10 9(1^5/ 

^>'V:^ h y^<M 1 0 8±lc?i^;=£^ttf^BI@:2 0 O 0;t 
l^^:;^ha—J^. ^n^ti.XSi, fo^V^flSe^^ 
^if[E4^it*2 X 1 0»«c -G a A s ^iV^ 

^ hg. 1 1 OtiV — 1 1 lliKl^-O-mH. 

[0 0 5 7] :^mm(omm 2{cx^ mmm 5 (omn^^ 

oTzl;0='f5z2 (0<z2<zl<l) \cm^^\^^ 
>^t:bTV^6 t3<^T*fc5o zl, z 2 COfitf^il&^^S'g^S 
t^h^ "0 <?iib?iCV>0<z2<zl<0, 25i:i- 

LT. zl = 0. 2, z2 = 0. 1 LfCo 
[0 0 5 8] ^T. ;*:^J£o?f^^2(::J:^^iS^j5(0® 

(i. ^^Sfe^ttG a A s mw. 1 0 0 Jitc, :7 r 

^101, undoped— AlO. 2GaO. 8As>'-^iy 
:7rgl02. n — A 1 0. 2 G aO.8 A s TSli^-y T 
tt^?^@ 103a. undoped-A10.2Ga0.8A 
s TSii^^— 104a. undoped-InzG 
a 1-z As ^X^—'f 4 ^-^f^M 205^ undop 

ed-Aly Gal-y As 10 4b. n 

- A 1 y Gal-y As igP^^r-T ^ 10 3b. u 

ndoped-AlO. 2 GaO. 8 AsVatxh ^^^^ 
?l5fiKgl06. n -G a A s Tgli=3 1 0 7. 

n - A 1 0. 2 G a 0. 8A V y 10 8. 

Vi^ -Q ^ Ks^^y^ ^ h® 1 0 9. (O^m-^WM-t^t^. 



iltg^ipi 0-5 6 1 6 8 (10/19) 

10 0 5 9] *^j5S0i|5|;iiBt-t5^U-x>< ^/ K^-Y^- 
/u-^ 2 0 5 OSJigXSli. I ncofflfigit z7)v TSB=3f--^ 
\)rmm \ 0 3 bft!l;6-?5±?35:3(.-t y T#tJ^®ftili 0 3 
al'f^;6^o-C. 0. 2;i)^ib0. 1 ic"^^ I^/Jn ^ < 7^5 J: 
5l;ircD^U— r>f :y K^-Y^>'l^e2 0 5 ^/Sg-T^e 

[0 0 6 01 l^T. *^S£(Off^fig2(- J:6^*S0ij5(Dm 
8(1 *:^P^(D^JS<^?F^fl8 2tcJ:^^SSe^>j5</)mi^^;^ 

t^f^;ii^o-r#^tC/h^ < J'^^i: 5i-> I nGa As 

X-^ 5/ K^^^>/^/i2 O 50 I TS 

rz<DX\ TSP-^T^c^i^iii^^^. ±fe^Mi(^?F^fli 1 con 

4 ^(s]^lc±a$-^7"nl^igi^^ J: 19 ti^<-t-5^i:;65-e 

[0 0 6 1] 6 . ^mmm e (Dmn^j)^ h y 

^2 0 5^. I nO|a^Sz;05|5gSt^tC'a{bi-^:=^7'^>7' 
^u— :y Kfiligi: L;^ct>t7:>T*^b<9 . [19(b) (l>/u 
— 5/ Kf^-v-t^/i-S 2 O 5ifij^co®^te:*cL/c^Di^^ 

[0 0 6 2] 2^^JS0*J 6 fl. ±HS^JfiieBJ 5 CO ^ 7^>r 
5/ K^-Y^>/^82 o 5^. ^tb^*ni nffi;^fe^5S;fc5 3 
0(0@ (2 0 5 a, 2 0 5 b, 2 0 5 c) ^^ft^^^f 
y-zf-^Xy—y"^ y K^-^^/^ffiit<^ Ufctcor*. *^lrS 
eij6(Di/U— 7^^ :y K^Y^>'l-^2 0 5li. I n (DffifiS 
z 1 Tfo5^Y-t-/l-^ 2 0 5 c <i:. I nOffl^;d5z 2 
T-fo65='-y^>/V^2 0 5 b I nm^^i)'^ z 3T*fcS 
^^^.ypg2 0 5 a t ct'9?ii9. -?r<0 I nfflfiKz:^^^^ 
^^>'^STSlFi5/ii^f?Pg©tfct-z 2-*z 3 (0<z3 

<z2<zl<l) i:^^l:LTV>^t><OT-^5o zl, 



z2. z 3cofll(i. t&^^S^*;5»^fc4'9:^#<^.^C>>t 
V^0<z3<z2<zl<0. 25 U < ^ 

«fij6TM^h7>v^;^^4#ttS:%«UTz 1 = 0. 2, z 
2 = 0. 15, z3 = 0. iti^fZo ^\^—y'-{vYf' 
2 0 5UJl^1'(D#g(i, ±fEllSS0il4 irPl^T'fo 

^^^Jfe^ttG a A sStg±tCu n d o p e d -A 
1 0. 2 G a 0. 8 As TSP^^— 10 4a ^T'^t^^ 

wm^mm\^fzM. \Tx<Dm^m^o. 2 (zi) -cfc5 

undoped— InzGal-zAs^205c^ In 
^^iS^/^^O. 15 { z 2) T'fc'S undoped— Inz 
Gal-zAs®205b. I n 0 . 1 (z3) 

"Cfo^ undoped— Inz Ga 1-z A s g.2 0 5 a 
^^KliSkfiKS^-^. ^(D^^ ^('u n d o p e d-A 1 y 
Gal-y A sJia^-^— f-^1 0 4 b;^^^n" -Ga A 

s =1 ^ 1 0 9 ^t^m 

[0 0 6 4] rcDi^l'. ^U— 5/ K^-\'^>'^M2 

0 5^. -^tt-^'^i x^%mLt^wmm\^wi^w^<om^ 

fc^o *fc;2^^Mie^ij6-C(i I nOm^Jt;65[Sg^t^t^^^ 
y K^-¥^^/l-^2 0 5^S^bTSSit-r5r t;55-et6o 

[0 0 6 5] w^m^m, if:m^(Dirm^\^^^n^ 

[0 0 6 61 7 . 8 . 0 1 3 (a) (i*^5S(D?i?flg 



^fm- \ 0- 5 6 1 6 8 (11/19) 

^m<r> 9 ■^)(^^^-t-/^g 10 5^. ^jse*) 5 Tig 9 ictj^ 

Lfc^l-— 2/ K^-r^»'^^ 2 0 5 \Z.W^^^tL%^o:> 
T\ ^te0*J8(i. ^JS0iJlT*[lll:i7r:Lfc=&gi^9-^<7) 
1 0 5$r. ^ife^J 6 T'EI 9 (b) I^Tj^Lfc^x 

0 5irM#^xfct<OT*fc5. 

[0 0 6 7] Eltc:*^V^T. 100 li^Jfeftt4G a A s £ 
jK. 1 0 1 (i^^^^14G a a sS«1 0±lCJi^fig^n/c 
gi98 0 0 O::^^^;^ hn— AcOundoped— Al 
0. 2G aO. 8 A s/u ndoped— GaA s ^^T"''^ 

tzMM-*^ 0 0 Oirl^^:^ ^n— ^cOu ndoped— A 

1 X G a 1-x A s/<rv:7TS^ 13a \^^<vyrM 1 2 

±tcffM^n/cfl§i?5 o;r^-^>^ y^^w^t\^ 

TSi. fo5VN|iSe^^^M4^Zt«3X 1 0>^cm-3T' 
^tfn-A Ix Gal-x AsTgi5=^-Y y 14 
a liTSFIS^ y T«?&@ 13a ±|C?FM $ ttfc^/? 3 0 
V:/;^^ bn — A(Dun dop e d— A Ix'Ga 1-x A 
s TSP;;^^— 1^®. 2 0 5(iT?F|5^^— i^® 1 4 a_bl^ 
?i^J5K^Hfcflgl?2 0 0:^1^ h n— A(7)u n d o p e 
d-InzGal-zAs V=f-^^-^^M. 1 

4 b{±^l^— 7^^ K^-Y^>/^® 2 0 5±lcjf$fi)c:$;rtfc 
AMI? 3 0^:/^>^ hci— ACOu ndoped-Aly G 

a 1-y As AiUy^^—'fM. 13b ii±§|5;=^-<-i^® 1 

#?<l:L-CSi, fo5V^^iS e^^^**fiife^a[3 X 1 0»« 
c m-^T-^tf n-A 1 y G a 1-y A s ±gl5=3r-Y y Tm^M. 
1 0 6(i±gI5=^-Y y 1 3 h lL\^mf&^Mzmm-2 O 
0;^Vi/;^ ha— i^(7)undoped— Aly Gal-y 

^w^ft^.m \ o ^AL\m^^nfz.mw-i ooo:t>i/y h 

5 X 1 0*^c m-=*-C^tf n - G a A s TSP^^^^^^ h 

Jpl 0;^^/^/;=^ hD — ix(^n— A 1 0. 2 GaO.SAs^ 
y^:^iP^^ h^yy<m. I 0 9\±^y^>yy h y^<^l 

UTS i , fo5V^liS e^^^jSsfi4^Sa2 X i 0»« 
cm-^T-g-tPn* -G a A s ^'V:?'^' h^. llOt^V — 
:^mms 1 1 KiKU-f 1 1 2(^y- hmilS: 



[0 0 6 8] :irT\ mmm7x-{t.^un<Dm^it^^ 

-Tx, y. z (0<x, y, z < 1 ) 
^mtt^h^^i^^ <t^h^Ji\^^X\ Ti^on-Alx Gal- 
X A s TU^^ U 1 3 a (OA 1 <Om^ ( X) <D 

^i!>t^ n - A 1 y G a 1-y As V TWI&S 1 3 

b<OAl<Dm^ (Y) X^hm< (x>y) tji^^O. 
^ ^\z.it\^—^4 y K^^^-/l-^2 0 S<0 I nM^z;65 
f'-^^^>'USTiffii6^bJi®t-f^/;)^oT z l;^!^?? z 2 (0< 
z 2< z 1< 1) i 9l-0. Ky 

<x<0. 4, 0<z<0. 2 5 
<. *:^i^«^J7-e(±. h7 Vv^;=^i5'1^tt^Sr#«bTx = 
0. 3, y = 0. 2, zl=0. 2, z2 = 0. l^L 

/to 

[0 0 6 91 ^/c. 8 -c(i±ia*JS0»J 6 x*mm u 

fc<t 5 t^rco^u— r ^ y V^^^-J\^m2. 0 5 (i I 

zl^z2->z3 (0<z3<z2<zl<l) tCl^fb 
i-;5>^^iy:7^^l^-7^^ K1t3gi:/^5<t ptC0< z 3 

<z2<zi<o. 2 5bir^(otmii\^<. ^nm.m 

8r*(i h^>v^;^^1ttt^%^b-Cx = 0. 3, y = 0/ 
2, zl = 0. 2, z2 = 0. 15, z3 = 0. VtX. 

[0 0 7 0] ^mm,m 7 , S -C*^. ^Jfe^ttO a a s s 
^KlOO^^'^undoped— Alx Gal-x As TSfU 
::^^—^m 14a iT'C?:)^®, S.U^u n d o p e d — A 
1 yG a 1-y A s _bgp^^— 1 4 bJ&^^n* -G a A 
s hgl 0 9^T*(^>«'^<0|i^> ^U^^tbJJ^^ 

(ommm^. V :^mf&(o^m-xn^m i ^ ^^<D:^i^ 

t^J:'9tTV^, undoped— InzGal-zAs:/U 

[0 0 7 1] mmm 9 , 10. m.i 3 (b) \t:^mm<Dm 
-tmmm^mxh^. mm,m9it. ^js^tj 2 t*ii 5 i^t^ 

tC7j^Lfci/i/-x^ y K5^i'^wi'g2 0 5\cm^i^^'ft 
h<DX\ m^MlO\t. ^JS0ij2-ell5tC*Lfc«-S(O 
0h<D^^^-^^^ I 0 5^^ m^&iexm9 (h) \C7jk\^ 



4$gl¥l 0-5 6 1 6 8 (12/19) 

[0 0 7 2] HlC^oV^T. 100 (i^lfe^l^G a A s £ 
1 0 Ki^lfe^ttG a A sS^l 0 0±l^?f^fiK^tV 
ytSIPS 0 0 OT^^'if:^ hn— A(Dun d o ped— A 
10. 2 GaO. 8 As/undoped— GaAs S^i^ 

^ttfcSiJ?2 0 0 0:^>^>^ h D — A(Ou n d o p e d 

- I nl-x Gax P>'<!y^TSx 5 3 a y :7 r ® 5 
2 a ±lC?i^fi£$n5tBIff 5 O^fV^:^ h ci-A. :^W^ 
<t UrS i , fo^V^tiS e^^^^i|^^^3 X 1 O^^cm 
-^-e^tfn- I nl-x Gax PT^^-VllT^fSSs 5 4 
a(^TgI5=3e-v!;T#tJg^5 3 a $ ttfcflg/? 3 0 
y^:y^:^ hn — AcOundoped— I nl-x Gax P 
T^fP:^^— 2 0 5{iTSl5;=<^^— 5 4 a ±trf^ 
^$tt:^c:flli?2 0 0;^>^i/;^ Ytt—J>.(Ou n d o p e d 

— I nz G a 1-z A s ^U — 'f-^ y K^-r^>>'^Jl^ 5 4 
b li^l/— y V'^^^-z^m 2 0 5±lC?g^^n^cfli 
J? 3 0;^>'^;=<* hn— A(^)undoped— I nl-y G 
ay P±lH5:^^-1^®x 5 3 bli±gp;^-<-1^® 5 4 b 
±l;i?f$^^tvfc«gJ?l 0 0;t-V^>^ hn-A, ^^i^i: 
UTSi. fe^U^fiS e^^^*Jfi4^^g^3 X 1 0^»c 
r^^tPn- I nl-y G ay P_L^fl5=^^ y rWf^ii. 5 6 
b(i±lFl5^-r T-KfSJi^ 3 h(D±.\Z.m^J^^M:LmW-2 
0 0 it^y^f:^ ha— ACOundoped— I nl-y Ga 
y Pv-a y 1 0 7I±V3 v h^-g^ 
■^^$^^5 6 b±(;i?f^^^*xfcflgJ? 1 0 0 0:^^^^;^ h 

iS5 X 1 0^«c m-^T'^tf n -G a A sTSi5=i>^^ h 

1 0 8(iTSP=^><5?^ 1 0 7 Jilwjg^jc^ixfc^ 
15:1 0;^Vi/:^ hn— A(75n-A 1 0. 2 G a 0. 8A s 31 
V yy^M. 1 0 9(i^:y^>^:^ h -y^^^"^ 1 
O 8±tC?gfig^n/cfli/?2 0 0 O;^^^;^ hn-A, ^ 
ii5ei^<t LTS i , fc^VMiS e^^^^it^igS2 X 1 0»« 
cm-^T^tpn^ -G a A s =3:/^^ hS. lllHV — 
>^^mil> 1 1 2(iKU-r>'IH^. 1 1 0(i>/— hmffi^ 

fc t i *g ^ -f- ^ Sii 5)- ^ ^ T V ^ ^ . 
[0 0 7 31 rr-C\ mi^m9X\-X^ #W4comfiKtt:«: 

TJ^-f-x, y. z (0<x, y, z<l) COfiS(±. f&T-^ 

^'&a;i^fc4'9:'c#<?ib?iv^-c^ ;0:^On - I n l-x G 

axPTSB^^y ret^^S 3 a cog a (OU^& ( X) 
t^^ n-I nl-y Gay PJi«FU^^!;rm^^5 3b<0 
G^<D%m ( Y) J:!? tiii< (x>y) tSi^^O. 
i^^/U— K^^^/^^2 0 5li^<0 I nffifigz;55 



z 2 < z i< 1 ) {cmm^^^^it-r^ ^o\:^o, i< y 

<x<0. 4, 0<z<0. 2 5 t-t^(Dfi^Xy)W.'^l. 
<. **S£^'J 6 T'li. Vv>;^^5^1#tt>^%SUTx- 
0. 6, y = 0. 5, zl = 0. 2, 22 = 0. l^L 

[0 0 741 ^fz. mt&m 1 0 x*it±mmmm e xmm 

I n|afigz;6^^-Y-t^/l-STlffi;^^b±ffllC[^d^oT|5ggt^ 
t;izl-^z2-^z3 (0<z3<z2<zl<l) 

\\:.'t^y^'Ty':fif\y-^4 y Kliig^ J: 9 0 < z 
3<z2<zl<0. 25 L< ^ 

Ml 0-C(lh^>'v^;^>5'4#i4^%^UTx = 0. 6, y 
= 0. 5, zl=0. 2, z2 = 0. 15, z3 = 0. 

1 h Lfc, 

[0 0 7 5] 9 , 10 T'ti^^^ttG a A s S 

:ElOO;!)^^undoped-Inl-x Gax P T§ii^ 
1^-^ 5 4a ^-e(^)^g, ^T>*u ndoped-In 
1-yGay P ±g|5^^— f"^ 5 4 b ^ n ^ - G a A s =2 

>->?^^ 1 o 9*T*co#®(DS^, 

mm^. '^)^:^mi§.(o^m\±%mm2}i^m<D^m^^ 

"9 tTV\ undoped— I nz Gal-z As 1/— x 

>r K^-¥^>/i-e 2 0 5 co^gfi-en-^'n^iSM 9 X\% 
iiBS^ffiM 5 ^ l^ltc^:*'&t:i ct 19 . ^!S0*J 1 0 T'fi Jilfi 

[ 0. 0 7 6 ] ^JS^tJ 11, 1 2 . Hi 3 (c) VXif.%m(0 
T*0 9t::^Ufc^l/— y K^^^-/L-® 2 0 5 trE# 

^K.tih<DX\ MMmi2i±^ mMm3xm7{zfjk]^ti 

f^^^^/L'^2 0 5(^Bt^x/ct>(D-C*fc^o 

[0 0 7 7] E!^^ioV^T. 7 Ofi^te^ti I n PS«. 
7 2liit5^te^i4l n P£«7 0±(C?KfiESKfcfigJ?2 5 
0 Qisrl^^T^ V n— i^c^u ndoped— Alx Inl- 

X iKs^^yyrm. 7 3 a fi/-<y:7r@7 2±t::?I^fig;$ 

6VM*S e^^:=P*Ei^J8S3 X 1 O'^cm-^T-^trn- 
Alx I nl-x A sT&P^^^y r#t*&®. 74a(^TSfI5 



iRpFfi^l 0- 5 6 1 6 8 (13/19) 

^-r')rmmi 3 a±ic?F^^^n/cflM/?3 o>r>>/:^ 

fD— ACOundoped— Alx Inl-xAs T&|5;^ 

-<-^m. 2 0 5(iT^^-^-i^«7 4 a±|::ffM^n 
fzMW2 0 Oisrl^^:^ hn — AcOundoped-I n 
z G a 1-z A s ^^^-yUS. 1 Ah\±^\^—'f ^ y V=f- 
^^^/UM2 0 5iitCj^^$tl>fcH^I?3 O^V^^ hu- 
AOO undoped— Aly Inl-yAs ±giS>^^— i^ 
®. 7 3 b(i±as;;^-<-i^S 7 4 b±i::JFM^n/cHgJ? 
1 0 0;^-v>^:^ hD-A, ^Sifi^^i: UTS i , 
S e^4:^j3E^^«3 X 1 0»«cm-2T'^tf n-A 1 y I 
nl-y As±S|5:3r-y y 7 6 (i±lfi5^ -Y ^ T 

f^ji 7 3 \i ±Az.'B^^^fzMm-2 0 0:?r>^;=<^ hn-jU 
CDundoped — (Al 1-t, G a t)s I n 1-s A s (0 
<s<l, 0^t<l) y V^-^^^l&^m. 7 7 
tii/a y V^-^^m^m^\Zl^'^^^^fz.mM\ 0 0 0 
:^Vi/;^hn — A, Ur S i . fe5V>fiSe^ 

^^^J^IS* 5 X 1 0 c m^3-C^tP n - I n 0. 53, G a 
0.47A sTSP:^^^:^' hg. 7 St^TaS^^-^^:^ b^7 
7±JC?fM$ixfcflI/?l 0;^>:/>^ b P-A(^n - I n 
0.48, G aO. 52P^^/^>i/>^ h :y-^<®. 7 9*i^:y^ 
hiy^'?g7 8±tr?i^^$;n./cflgJ?2 0 0 0;^^^^ 
;;?.hi3— A, -^Wkb^^XSX , ^ ^ V^li S e 
feS*2X 1 O'^c m'^r^^tpn" - I n 0. 53 G a 0. 47A 
s iSfiSr^v^^ Kg, I 1 Ofiy — llKiK 
U^V-^H, 1 1 2Hy- h®1^4:-^n-^'ix-T^Lrib^'9. 

mi mm 9 isi-^^-^tii^-^fctites-r^ifP^^^* 
[0 0 7 81 r:iT% \ \x\±^\m(om.m:.'^ 

7j^-f"x, y. z, s, t (0<x, y, z, s, t<l) 

n -A 1 X I n 1-x A s T§i5=^^ li T#tf:gg 7 3a (OK 
1 (DMafiSc ( X) (O-fSt^^ n - A 1 y Inl-yAs ±gi5^ 

^^)Tmmi 3 b(^A 1 (Dm^ ( y) 'bii5< (x 

>y) ^^^^^9^ ^blw^i— -r^ K^-y-t^/i-® 2 0 
5 \X^<n I nm^ z ;6>^-V^^/V®Tffiy;i^e)±$gt^f^^^o 
Xz \ t^hz2 (0<z2<zl<l) 
-t"^<fc5l-0. 3<y<x<0. 7, 0. 4<z<0. 
9, 0. 3<s<0. 7, 0^t<0. 3<bi-^07j5ct 

lSUrx = 0. 6, y = 0. 48. s=0. 48, t = 
0. 2, zl=0. 7, z2 = 0. 53^U/to 

[0 0 7 9] Sfc. ^SSM 1 2 r'(t±H2^SSM6 T^IftW 



i^z l-^z2-^z3 (0<z3<z2<z Kl) 

<y<x<0. 7, 0. 4<z<0. 9, 0. 3<s< 
0. 7, 0^t<0. 3 ^-t-5(0;55j:t9g^L<. 
J£^iJ12r*li. x = 0. 6. y = 0. 48, s = 0. 4 
8, t = 0. 2, zl = 0. 7, z2 = 0. 6, z3 = 
0. 53^i-5o 

[0 0 8 0] ;$:^Jfe0tJ 11, 12 T-I±^ite»tt I n PS 
iK7 O^^'^ju n d o p e d - A 1 x I n 1-x A s Tlf|S>^ 
^—^m 7 4a •^X*(D^m, Rl^u n d o p e d - A 1 y 

I nl-y As AlU:^^—^^ 7 4 h-^^h - I nO. 53 
G a0.47A s ±.^:=^>^ ^ VMl 9^X(D^m<DmM. 

d-InzGal-zAs ^l^— x>r K^-^^>/l-g 2 0 

5 o^ssti-tH^'n, mmm 1 1 -eti±fE^]te0ij 5 i: is] 

[0 0 8 il ^coJ: 9t::*:^j^(D?F^®.3t;iJ:ti(^. SlSfe 
[0 0 8 2] 

SSIg3(7)¥^«:®±trj^^$n7t, ^(D^ffitcy-hm 
y-;=<.mil, S:t/Ku^>'®<f;5^?f^^$tvyt®4co 

^ 1 (7)ift®iii^, Rt/^3(0^^^fli^^*t^-r6$t;|ef(7) 



ijtggip 10-56168 (14/19) 
±IS^ 2 c^it^^^^a i: ±BSS 3 (D^^^m t O^ffiiS^ 

[0 0 8 3] mi^^2\c^.^mn^^vy>i>y^^\c^ 

$V^t>^;Oi: Lfc<DT\ TSP^t^ n p$l|(7),g ^ ;^5±^f|5--x 
[0 0 8 4] ft^^StCl^^mi^^;^ h^>v^^^[Cj: 

nt^. ±isff*::^i<7)m#?a*h^>v^:^i5^i^:i^i^^"c. 

±BSm2(0^^t*:H^«^-r5W3tsf(Dm^M¥P;^>i^ ± 

tarn 1 o^^^^^mo:^^ b±i2^ 3 (o^m\^mm\^m^r> 

[0 0 8 5] m^^A\-gh^'m^^^Vy:^^yy^^\^X. 
nt£. ±ISI#*:3S2c?:)SI^Simh^>v^^^^t-i^^^^T. 

±fe|gl(^^^f*:S, ]5.0^^3(7)^#^$:g^«^-r6W 
3|SKiAl Ga AsT'$>i9. 3 (D^^igfls:® J: ^Ji 

lam tO^igff^t^A 1 aJ*;5^i^V^t>^7)^ UfcOT\ T 

[0 0 8 6] ff3R^5l^^.6^l^$b^ h^>v^>^.^$'t^ct 

±ISmio4^^i*:®, S:t/S3co^^f^®^^fil^-r6tt 
itSflil nGa ¥X^^. ±1^® 3 ct 19 t ±IE 

-^XDl^ig(Oii5^;55±§|i--xnPf|goi^$ J: 19 t>i^<^ 



[0 0 8 7] m^m6{c^.^mn^mhy:yi^:^^\^x 

[0 0 8 81 m^m7\zgh^m^^^hy>i^:^^n. 
2 C0^igfls:g^«jEiK-r5tt*4fi I n G a A s -efo 19 . ^ 

[[lS<^®¥^=tlJ^P>q] 

im2] :i(omM{cx^mmmi<Dm^^^hy>i^:^ 

[US] ::(7?^B>qtcJ:5^iSo?f$ffiil^ibMtS^JS^J2 
[me] ^(^^^tcJ:6^SS<ojf^fiii l;iio(t^^JSfi?iJ2 

<DVy:yi^:^^(D^^m:^m ((a) ) , &U^IIJte0*J 6 

^u^y^^ yY^^^.jumi5,m<o^i^m ((b)) -efo^o 
[1210] '^m(omn^¥kVyi^i^:^^(Dmmm^mx* 



\ 0-5 6 1 6 8 (15/19) 
[laii] '^^<Dm^10i^hy>i^:^^<o^m^^T^<D 

[0 12] ^i}^^(om.^^¥kVy>^J:^^(r>X^cm^mx 

mi3] z.(Dmm\^i:^mmmm3\c^i.^^mmM 
7<Dhy>^t>7^i^<Dmmm^m ((a) ) . mmm9(Dh 
y>iyp^^(Dmmm^m ((W ) , nmmi i(Dhy> 
i>y^^a:>mmm^m ((c) ) xh^o 

10 0 ^^^ttG a A s S^. 
7 0 ^^^^^ttl n PSffi. 

101 undoped— AlO. 2GaO. 8As/und 
oped-GaA s m^'lF-y<^y y T 

102 undoped— AlO. 2GaO. 8As>'"<^/ :7t 

12 undoped— AlxGal-x As ^^'^r^r^x 
52a undoped— In l-xGaxP>'"<:y ^'T^^ 
72 undoped— Alx In 1-x As ^•<:y:7r^x 
103a n-AlO. 2GaO, 8As TSP^-T, V Tm^M. 
13a n - A 1 X G a 1-x A s T^^^e^ ]) Tmmm. 
53a n- I nl-x Gax PTIFP^^-Yl'rttm^. 
7 3a n - A 1 x I n 1-x A s TU^ ^ ]) Tm^M. 
104a undoped— AlO. 2GaO. 8As Tgi5^ 

14a undoped — A 1 x G a 1-x A s TSP-^^— 

54a undoped— In 1-x Gax PTSi5>^^— i^ 

m. 

74a undoped— Alx In 1-x As TSP^^^ 

105 undoped— InzGal-z As ^-V^>'l^Jlx 
104b undoped— AlO, 2Ga0.8As ±^>^ 

14b undoped— AlyGal-y As 

54b undoped— In 1-y Gay P±gi5;^^— 1^ 

74b undoped — A 1 y I n 1-y A s igP^-^— 

10 3b n-A 1 0.2 G aO.8 A s±gi5^-V y rW^S®> 
13b n - A 1 y G a 1-y A s }) Tm&m. 

53b n- I nl-y G ay P±?Fi5:^r-V y r«tif;&@. 
73b n-Aly I n 1-y A s ±g|i^-r y T 



1 0-5 6 1 6 8 (16/19) 



106 undoped— AlyGa 1-y A s v' a ^/ h ^ 
56b undoped— In 1-y Gay P a y h 
76 undoped— (A 1 1-t, G a t)s In 1-s A s 

(o<s<i. o^t<i) y h^-m-^jfmm. 

107 n -G a A s TlFP^iV^^ h*. 

7 7 n-InO. 53, G a 0, 47A s TlFU^' hS^ 

10 8 n - A 1 0. 2 G a 0. 8 A s h y^<M. 
7 8 n - I nO.48, G a 0, 52 P ^v^;^ h y^<M. 

109 n"-GaAs ^a^ 

7 9 n^ - I nO. 53 G a 0. 47A s ±^=2:^^^ 

110 y— ;:^||^^, 

111 h^u^^mm. 

1 1 2 hmfe 
imii 

111 21 112 




.109 
108 
,107 
106 

^isb^i^b 



-13a 



-100 



12a 
13a 
13b 
14a 
14b 
21 
100 
101 

10s 

106 
107 
108 
109 
110 
111 
112 



ur»doped-Alt) sGa© 7ASV <yy-rM 
rvAlasGao.yAsT^^^^ + 0 T'^itSS 
r>-AIo.2Gao^AsJi^;%^ + V T^^M 
undoped-Alo.aGao./AsTgg -^M 
undoped-Alo.2Gao.sAs±SB 



^$^1iGaAs£t5 

undopecJ-Alo^Gao.eAs/undoped-GaAs^^^/^ > 7 t ji 
undoped-ino.i5Gao.85As-?^ ^ 
undoped-Aloj?GaoeAs£/3 y h=¥-}^^ffMil 
n-GaAsT^3>^^' KB 
n-Alo.2Gao.8AsX y ^ > h y y 
n*-GaAs±gBi3>5'^ 



(a) 



(b) 



(c) 



[ma] 




± T 



20 : u->'Jt ^ 




(16) 



f^m^l 0- 5 6 1 6 8 (17/19) 




70 : 4itgli4ilnPSt£ 

72 : undoped-AlQ ^hq ^A&J^ ^yy-pfS 
73a : n.Alo6lno4AsTgS=^ f *J 
73b : n-Alo.48tno.52As±SB^ r 'J7^t&® 
74a : undopod-AIo.slno.4AsTSB-^'^--9-/2 
74b : undoped-A!o.48lno^2As±gp:^'^--y-® 

76 : undoped-(Alo.eGao.2)o.48'"o.52As V 3 v 

77 : n-(no.53Gao.4rAsTgB3>^<? hjg 

78 : n-lno.4BGao.52P^ y h y 

79 : n*-lno.53Qao.47As±^ 3 > -7 hiB 



(17) 



^mW-l 0- 5 6 1 6 8 (18/19) 



[US] 



im 1 01 



± T 




im9] 




(b) 



104b 

:) — 205a ^ 

205D ^205 
20ScJ 
104a 



102 : undopGcJ-Alo 2Gao.sAs/^*y 7 7 If 
103a : n-AloaGaoaAsTgB^-f 'JT'^teS 
103b : n-Alo.2Gao^s±gB* v *J T'lttteS 
104a : unctoped-AlojiGaoMsT5B^'<— i^B 
104b : undoped-A!o^Gao^s±SB;^^— -y-H 

205 : 'C'^U-x -r V K^ + ^l^iu® 




100 
101 
102 
103a 
103b 
104a 
104b 
105 
106 
107 
108 
109 
110 
111 
112 



-100 



^igimGaAs£45 

undoped-Aro^ao^RAs/undoped-GaAs^^^/^-v y yM 

undoped-AIo^ao.8As/ ^ v 7 7 © 

n-AIo.2Gao.eAsTS+ f U T^tJ&S 

rvAlo.2Gao^±S5%-f T'^S^JB 

undoped- Alo^GacsAsTSB 

undopGd- Alo^Gao.eAsiSB -tf® 

undoped-ino.isGao.asAs^^ ^ ^^I'S 

undoped-Alo^Gao.aAs v 3 h # -IS-S-Jf^^lS 

rvGaAsTgfinv^-:? hjg 

n-Alo zGao jAsX vf-^C^:^ h v / 

n*-GaAs±gB=i>^r;y 

K K >^ 



[EI 1 1 ] 




(18) 



ij^B^ipi 0- 5 6 1 6 8 (19/19) 



— 100 




(d(mA) 



[I^ 1 31 
(a) 



—^-100 





109 

14a 
13a 



(19) 



